ABSTRACT A survey of dust exposure, respiratory symptoms, lung function, and response to skin prick tests was conducted in a modern British bakery. Of the 318 bakery employees, 279 (88%) took part. Jobs were ranked from 0 to 10 by perceived dustiness and this ranking correlated well with total dust concentration measured in 79 personal dust samples. Nine samples had concentrations greater than 10 mg/m3, the exposure limit for nuisance dust. All participants completed a self administered questionnaire on symptoms and their relation to work. FEVy and FVC were measured by a dry wedge spirometer and bronchial reactivity to methacholine was estimated. Skin prick tests were performed with three common allergens and with 11 allergens likely to be found in bakery dust, including mites and moulds. Of the participants in the main exposure group, 35% reported chest symptoms which in 13% were work related. The corresponding figures for nasal symptoms were 38% and 19%. Symptoms, lung function, bronchial reactivity, and response to skin prick tests were related to current or past exposure to dust using logistic or linear regression analysis as appropriate. Exposure rank was significantly associated with most of the response variables studied. The study shows that respiratory symptoms and sensitisation are common, even in a modern bakery.
Occupational asthma and rhinitis occur in bakers' and the environmental agents responsible appear to be components of the grain itself" or grain contaminants, such as mites, weevils, and moulds"7 The relative importance of these potential allergens may vary according to the source of the flour, conditions of storage, and intensity of exposure. Recent papers describing grain components as important allergens have come from Australia,24 where grain has a low moisture content. A higher moisture content, or storage ofgrain or flour for long periods, may promote the growth of contaminant micro-organisms, mites, and insects. Materials added to flour before baking, such as yeast and amylase, derived from Aspergillus species,' may also be allergenic. Accepted 24 October 1988 As many as a third ofbakers and grain workers may show evidence of sensitisation,9" which appears to be related to intensity and duration of exposure in the industry as well as to host factors, such as atopy." 12 Mechanisms involving IgE and the mast cell have been implicated,'2 13 but precipitins to components of flour have also been identified' and non-immunological processes, such as direct activation of complement pathways, may be involved. '4 Apart from case reports, there is little information about asthma and sensitisation in British bakers. This study was designed to (a) describe the levels of exposure to bakery dust in a modern British bakery, (b) estimate the prevalence of symptoms and sensitisation in the workforce of the bakery, and (c) explore relations between indices of exposure and response.
Methods

STUDY DESIGN AND SUBJECTS
The study was a cross sectional survey of current employees conducted over six consecutive days and nights. All current workers with the exception of 636 Respiratory symptoms, lungfunction, and sensitisation toflour in a British bakery drivers and salesmen, whose contact with the bakery involved only the collection ofgoods for delivery, were invited to participate in the study. DETERMINATION Independently of the measurement of dust concentrations, each employment category was ranked on a scale of 0 to 10 for perceived dustiness by the bakery manager in consultation with an occupational physician from the baking industry (table 1) . Office, transport, and workshop staff who worked in physically separate accommodation and never entered production areas were graded 0, whereas subjects working in the flour room or in the manufacture of scones were graded 10. WORKPLACE EXPOSURE MEASUREMENTS Seventy nine personal dust samples were collected throughout the bakery (table 1) . Nine of the samples had concentrations in excess of the exposure limit for nuisance dust (10 mg/m3). ' . These were checked for leakages and calibration (using a one litre syringe) at least three times each day. Measurements were expressed at ATPS and a calibration factor for each spirometer was included. The best FEV, and the best FVC was taken from three technically satisfactory forced expiratory manoeuvres where the best two recordings were within 5% ofeach other.'6 All measurements were made at an ambient temperature within the range 18-23°C. Each individual's FEV, and FVC was divided by the square ofheight and standardised to age 25 years using age regression coefficients calculated from the study participants. Separate linear regressions were used for subjects over or under 25. Executive, London), Acarus siro (5 mg/ml, Health and Safety Executive, London), Glycyphagus destructor (5 mg/ml, Health and Safety Executive, London), Tyrophagus putrescentiae (5 mg/ml, 78/517 National Institute of Biological Standards and Control), and G domesticus (5 mg/ml, Brompton Hospital). Positive control was histamine dihydrogen chloride and negative control was Coca's solution. All tests were read at 10 minutes. The mean of the greatest dimension of the weal and the dimension at right angles to this was calculated. A mean weal diameter of 2 mm or Musk, Venables, Crook, et al more greater than the negative control was considered positive. Subjects were classified as atopic if they had one of more positive responses to common allergens (grass pollen, D pteronyssinus, or cat fur). They were considered "grain mite positive" if they had a positive response to Tlongior, A siro, G destructor, Tputrescentiae, or G domesticus. Additionally, if T confusum, baker's yeast, mixed flour, wheat grain, mould mix, A fumigatus, or any of the grain mites were positive subjects were classified as "bakery antigen positive."
STATISTICAL PROCEDURES
The statistical significance of the relation of potential explanatory variables to symptoms, bronchial reactivity, and skin response was examined by using logistic regression analysis; the relation to FEV,/FVC ratio was analysed using linear regression.'8 The independent explanatory variables included in the analyses were age, sex, current smoker, ever smoked, atopic status, years worked in the bakery, current exposure rank, whether currently working at exposure rank 6 or more, and whether ever worked at exposure rank 6 or more.
Results
CHARACTERISTICS OF THE SUBJECTS
A total of 279 (88%) ofthe 318 bakery employees took part in the survey (table 1), 92% of the men and 82% of the women. Two men and three women were unavailable because of illness and two men and one woman were on holiday. Twelve men and 19 women refused to take part in the study. Of the 39 workers who did not take part, 15 were from rank 0 (with the lowest exposure), six from rank 2, and one from rank 3. In all other exposure categories at least 90% ofwork force took part.
Twenty six male workers (a subset ofexposure rank 7) were employed only on Saturdays to clean the bakery during its non-production day. They were much younger than the other workers (all were 20 or under compared with the remainder of the male work force of whom 77% were 25 or more) and all but two had been employed for less than two years. In addition 19 male maintenance workers (all those in exposure rank 5) had intermittent exposure. These two groups were therefore considered separately from the main group and are referred to as the intermittent exposure group in all subsequent analyses. The multivariate analyses identified a history of exposure rank 6 or more (past or present) to be the measure of exposure most frequently associated with response variables. Therefore the results in tables 2-4 are presented according to this categorisation of exposure.
In all, 55% of the workers in the main group were men (table 2) but the proportion varied in the different exposure categories. About half the workeris had been proportion reporting symptoms was generally lower than for those in the main group. This was particularly true for the subset of exposure group 7 (the Saturday cleaning workers), none of whom had chronic bronchitis or work related chest symptoms, although 23% had wheeze which was not work related. Nevertheless, 12% considered that work affected their nose or chest. The stepwise multiple logistic regression analysis identified a measure ofexposure as the most significant independent factor associated with symptoms with the exception of dyspnoea which was most common in women and was also associated with a history of smoking (table 5) .
PULMONARY FUNCTION TESTS
The regression coefficients for FEV, against age for men and women aged 25 or more combined were approximately 0 03 1/year both for smokers and nonsmokers. The standardised FEV, for men was not related to any measure of exposure whereas women who had worked at some time in exposure rank 6 or more had significantly lower FEV, than those who had not.
The standardised FEV,/FVC ratio tended to decrease with increasing exposure rank (table 4), the proportion of workers with a ratio less than 80% increasing from 34% in those never exposed at rank 6 or more to 53% in those currently in exposure rank 6-10. One third of the workers had measurable bronchial reactivity (PD20 A 120 mcmol) (table 4), the proportion within the main group increasing from 26% in those never exposed at rank 6 or more to 42% of those currently in exposure rank 6-10.
The stepwise linear regression analysis of the age standardised FEV,/FVC ratio isolated sex and current smoking as the only two significant factors. The ratio was lower in men (average 4 3% less than women) and current smokers (average 2 4% less than current nonsmokers). A PD20 of 30 mcmol or less was significantly associated with ever having been exposed at rank 6 or higher ( In the logistic regression analysis positive skin test to one or more bakery antigens was associated with atopy, a history of exposure in rank 6 or higher, and the number of years worked in the bakery (table 5) .
Discussion
Total dust concentrations were measured in the production areas of this bakery and several samples exceeded the exposure limit for nuisance dust in the ingredients preparation and manufacturing areas. They were much lower in the wrapping and despatch areas. These objective measurements supported the independently derived ranking system used to classify the workforce for exposure according to job category. The measurements in cleaning and maintenance workers who were intermittently exposed showed great variability and much larger numbers of samples over longer periods would have been necessary to produce a useful profile of exposure in these subjects.
Work related symptoms were reported frequently by this workforce and sensitivity to components of flour was shown by skin prick tests in over a third of the subjects. Both were found to be more common in subjects with higher levels of bakery dust exposure. There was also evidence of exposure related respiratory effects from measurements of non-specific bronchial reactivity. By contrast, FEV,/FVC ratio was significantly related to sex and smoking but not to exposure, being lowest in men and current smokers.
Probably one or more allergens in wheat flour are responsible for the skin test responses and at least some ofthe respiratory effects observed in this population. Some symptoms, however, particularly nasal, are likely to be due to simple non-specific irritation. Other studies have implicated IgE in the asthma of bakers'2 13 but other immunological5 and non-immunological'4 responses may also operate. Further work dissecting the nature of the response is required.
This bakery has a selection policy of excluding subjects with current symptomatic asthma from employment. This 
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